Cervical lymphadenopathy is common in the pediatric population, with a prevalence ranging from 28-55% [1, 2] . Lymphoma, although rare, is one of the most common malignancies presenting in children with high cure rates when identified early [3] . When concerning features are present, such as B symptoms or supraclavicular lymphadenopathy, the decision to pursue further investigation is relatively straightforward, and several algorithms have been proposed to guide management [4, 5] .
INTRODUCTION

ORIGINAL Primary Outcome and Statistical Analysis
The primary outcome was defined as surgical excision, including either incisional or excisional biopsy. All final pathology reports were abstracted from the medical record. Data were analyzed by chi squared or t-tests as appropriate (Stata 14.0, College Station, TX).
RESULTS
Cohort Characteristics
A total of 109 pediatric patients with asymptomatic, cervical lymphadenopathy were identified following referral to an academic Pediatric Otolaryngology or Pediatric Surgery department ( Table 1 ). The average age was 6.2 years, with reported duration of lymphadenopathy 10.3 months prior to the initial referral visit. Overall, the average lymphadenopathy size on ultrasound was 1.9 cm, while the average size on physical exam was 1.5 cm. The most commonly reported locations of cervical lymphadenopathy were anterior and posterior (40% and 39%, respectively). Only 6/109 patients underwent a fine needle aspiration (FNA), and 3/6 ultimately still underwent definitive surgical excision. Of the 17 patients who underwent surgical excision, no new cases of malignancy were identified on pathology.
Univariate Analysis
On univariate analysis, there was no difference in age, gender, or lymphadenopathy location between the groups undergoing surgical excision and the group undergoing continued observation ( Table 2) . Those who underwent surgical excision did have larger size lymphadenopathy based on physical exam compared to those who did not undergo surgical excision (2.1 ± 1.0 cm versus 1.3 ± 0.6 cm, P <0.01); this trend was similarly observed based on ultrasound measurements, but did not reach statistical significance (2.3 ± 1.0 cm ORIGINAL versus 1.8 ± 0.9 cm, P = 0.11). The length of time the lymphadenopathy had been present prior to initial presentation was shorter in the surgical excision group compared to the group not undergoing surgery (4.3 ± 3.7 months versus 11 ± 13 months, P = 0.02).
Ultrasound Characteristics
Sixty-seven patients underwent an initial ultrasound. Further details regarding the use of ultrasound are found in Table 3 . In both the surgical and no surgical excision groups, 61% of patients underwent at least 1 ultrasound. Among those who did not undergo biopsy, 51/56 had findings suggestive of reactive lymphadenopathy, compared to 7/11 in those who did undergo biopsy. The 5/56 that were inconsistent with reactive lymphadenopathy had the following features: 2 with report of a non-specific hypoechoic mass, 1 with an abnormal solid mass that was no longer palpable at the time of presentation, 1 possi-ble infected ranula, and 1 consistent with fibromatosis coli. The remaining US details regarding patients undergoing surgical excision are found in Table 4 .
Overall, only 37% (25/67) of the initial ultrasound reports commented on the presence or absence of a fatty hilum. Follow-up ultrasound was uncommon with only 15/56 in the no surgical excision group and 2/11 in the surgical excision group. However, all the follow-up ultrasounds demonstrated reassuring radiographic characteristics.
Detailed Overview of Patients Undergoing Surgical Excision
Seventeen patients underwent surgical biopsy under general anesthesia, with pathology results shown in Figure 1 and the associated ultrasound characteristics are described in Table 4 . Of the 17 patients, one had a post-operative course complicated by a surgical site abscess requiring multiple presentations to medical care and an additional surgical procedure for treatment. 
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The most common pathologic diagnosis was reactive follicular hyperplasia (10/17, 59%). Six of these patients underwent an ultrasound with findings consistent with benign, reactive lymphadenopathy; one had ultrasound findings concerning for a possible cyst; three did not get an ultrasound. Overall, 3 patients were diagnosed with atypical mycobacteria. One patient was clinically asymptomatic at the time of presentation, but a PPD order prior to the visit was positive; subsequent MRI showed findings consistent with atypical mycobacteria. One patient had no symptoms, but had a history of isoniazid treatment, and US revealed microcalcifications concerning for granulomatous disease.
Lastly, one had a left-sided cervical lymphadenopathy without other concurrent symptoms; prior to initial consultation, a PPD was placed which was positive, with a negative chest x-ray. Among the 11 patients who underwent an ultrasound, only 2 cases had discordant ultrasound features and final pathologic diagnosis.
DISCUSSION
Asymptomatic cervical lymphadenopathy in pediatric patients is a common outpatient referral diagnosis, yet no clear algorithm is uniformly currently accepted in defining criteria for surgical biopsy. In this retrospective study of 109 patients, one of the largest reported to date, we found that those with larger lymph nodes identified on clinical exam for a shorter time period were more likely to undergo surgical excision. Our most significant finding, however, is that all 17 patients undergoing surgical excision had benign pathology. This is the first study to date that describes the natural course of persistent, asymptomatic pediatric cervical lymphadenopathy.
The overall rate of malignancy among pediatric cervical lymphadenopathy is low. A prospective cohort study by Bozlak and colleagues described a rate of 2.7% [6] . This differs from our study in which there were no cases of newly diagnosed malignancy. This likely reflects the strict exclusion criteria that was used for our study population, as our aim was to describe asymptomatic, pediatric cervical lymphadenopathy. Additionally, while the incidence of new diagnosis of malignancy is low, the majority of pediatric malignant cases present with high clinical suspicion, even prior to imaging or surgical biopsy for confirmation [6] [7] [8] [9] . This suggests that in asymptomatic clinical presentations, surgical biopsy may be deferred, and these findings are consistent with our study.
Prior literature has examined the utility of FNA as an alternative to open surgical biopsy for pediatric patients, as it does not always require general an-esthesia. However, in a retrospective study involving >200 patients 0-21 years old, 73% still required sedation or general anesthesia [10] . Furthermore, even among patients who undergo FNA, false negative or inconclusive results are substantial, up to 28%, and thus still requires excisional biopsy for pathologic confirmation [11, 12] . These results are in agreement with our study given that even among the few patients who underwent an FNA, 50% still underwent surgical excision.
Multiple studies have aimed to describe clinical and/or radiographic features that warrant surgical intervention. Prior studies have suggested that large cervical lymphadenopathy increases the suspicion for malignancy and/or need for excision. Bozlak et. al. found cervical lymphadenopathy >3 cm was more likely to be malignant than those <3 cm. This differs from our study as even among those with larger lymphadenopathy, none were diagnosed with malignancy. This difference is likely because our study focused on patients with asymptomatic lymphadenopathy, thus patients with additional peripheral lymphadenopathy or B symptoms at presentation were excluded [6] . A retrospective cohort study of 50 hospitalized pediatric patients with cervical lymphadenopathy found that abnormal ultrasound characteristics, specifically using the long to short axis and the intranodal vascularity, may help guide the decision for surgical excision [13] . Although our study did not standardize the collection of ultrasound measurements and architecture, we did note that ultrasound findings were often concordant with final pathology; together these data support that ultrasonography remains a useful, low-risk option to help risk-stratify patients with cervical lymphadenopathy. Using ultrasound for assistance with diagnosis remains an area of interest [14] , with many studies suggesting it as first-line imaging for pediatric lymphadenopathy [15] . Niedzieleska et al. demonstrated that abnormal shape of a lymph node and/or hilum or abnormal intranodal vascularization on ultrasound suggests etiologies besides benign/reactive lymphadenopathy and warrant further investigation [16] . They diagnosed two new cases of malignancy; one case had a concerning ultrasound, with hypoechoic background and abnormal hilum, and the second case presented with clinical symptoms including stomatitis and gingival pain. This study is consistent with our findings that surgical biopsy can often be spared in asymptomatic patients with a reassuring ultrasound.
There were potential limitations to our study. Our analysis was based on retrospective data collection, and thus subject to missing information. In particular, the ultrasound data that we reported were collected from the imaging reports, rather than a review of the raw images. Thus, details such as nodal architecture or size, which are important to assist with risk stratifying lymphadenopathy, were not uniformly reported or missing. However, even with some limited ultrasound information, we were still able to conclude that concordance between ultrasound characteristics and final pathology is high. Additionally, our study analyzed children referred to a tertiary care institution, and the number of patients undergoing surgical excision is small. Therefore, our results may not be generalizable to broader populations. Further, while patients had at least a 6-month follow-up period which is likely sufficient based on prior studies [6] , extrapolation of longer-term follow-up guidelines are limited. Finally, while this study represents the largest known group of asymptomatic pediatric cervical lymphadenopathy patients, more robust multivariate analysis was still limited by the sample size, and additional differences in clinical or radiographic features may not have been detected.
CONCLUSION
For pediatric patients with asymptomatic cervical lymphadenopathy, diagnosis of malignancy remains rare. Our findings suggest that even for patients with long-standing, palpable lymphadenopathy, observation with serial ultrasounds is reasonable. This may help to alleviate parental anxiety that may guide clinical decision-making for definitive excision and avoid the risks of unnecessary general anesthesia and surgical biopsy. 
